ABSTRACT Whether the level of circulating eosinophils in chronic obstructive pulmonary disease (COPD) patients can predict the risk of exacerbations of COPD (ECOPD) or response to treatment is debated. Here, we evaluate the prevalence of elevated eosinophils in COPD patients and its relationship with severe ECOPD requiring hospitalisation.
Introduction
Chronic obstructive pulmonary disease (COPD) is a major health problem because of its high prevalence, increasing incidence, and associated personal, familial, social and economic costs [1, 2] . During the course of the disease, COPD patients can suffer from episodes of exacerbations of COPD (ECOPD) that are associated with increased morbidity and mortality, particularly if they require hospitalisation (severe ECOPD) [3, 4] . Preventing ECOPD is therefore a major therapeutic goal in COPD. As a result, there is currently great interest in identifying and validating reliable biomarkers to predict the risk of future ECOPD and, eventually, intervene therapeutically to prevent them with, for instance, inhaled corticosteroids (ICSs). In this context, eosinophilic airway inflammation seems a promising candidate.
Eosinophilic airway inflammation occurs in 20-40% of COPD patients [5] . Sputum eosinophilia in clinically stable patients predicts the risk of future ECOPD and is associated with a favourable response to ICSs [6] [7] [8] [9] [10] . However, sputum induction and analysis is cumbersome and not readily accessible in all clinical settings. As an alternative, investigators reported a good correlation between sputum eosinophilic inflammation and blood eosinophil levels. For instance, BAFADHEL et al. [11] showed that a cut-off of 2% circulating blood eosinophils had a sensitivity of 90% and a specificity of 60% to identify sputum eosinophil levels >3% during ECOPD. Other studies confirmed that blood eosinophil levels may be a good biomarker of the future risk of ECOPD and the effect of ICSs on ECOPD prevention [12] [13] [14] [15] [16] [17] , while recent studies did not find a correlation between circulating eosinophils, at a cut-off of ⩾200 or ⩾300 cells·μL −1 , or ⩾2%, ⩾3% or ⩾4%, and the risk for exacerbations in COPD [18] [19] [20] . Furthermore, not only is the association between blood eosinophil levels with exacerbation risk controversial, another issue is, if it is indeed related, what is the appropriate cut-off value (2%, 4% or 300 cells·μL −1 ). Several studies reported that a 2% eosinophil level should be the ideal cut-off, while others focused on absolute eosinophil numbers [12] [13] [14] [15] , and a post hoc analysis by WATZ et al. [16] suggested that any association between blood eosinophil counts and exacerbation rate is only seen for baseline eosinophil counts ⩾4% or ⩾300 cells·μL
To gain further insight into the relationship between circulating eosinophils and the risk of severe (i.e. hospitalised) ECOPD, we investigated: 1) if circulating levels of eosinophils when clinically stable predict future severe ECOPD and 2) if circulating levels of eosinophils during hospitalisation because of ECOPD predict the risk of future episodes of severe ECOPD.
Methods

Study design
This study was carried out in Carmel Medical Center, a public hospital in Haifa, north Israel. The hospital serves a large population of around 800 000 individuals, together with two more public hospitals. Our study was authorised by the Ethics Committee of the hospital according to the Declaration of Helsinki.
We retrospectively reviewed the charts of all COPD patients admitted to our hospital for any reason (including ECOPD) between January 1, 2005 and November 30, 2015, and identified 1130 patients with a diagnosis of COPD and a post-bronchodilator forced expiratory volume in 1 s (FEV1)/forced vital capacity ratio <0.7 (as per Global Initiative for Chronic Obstructive Lung Disease criteria [21] ). We included patients with a diagnosis as defined by the International Classification of Diseases, Ninth Revision, using the codes 496 for chronic airway obstruction and 491.21 for obstructive chronic bronchitis with acute exacerbation. Severe ECOPD was defined as acute shortness of breath with aggravation in the patient's respiratory status that requires hospitalisation or treatment for >24 h in the emergency room [21] . After discharge, all these patients were followed at community pulmonary clinics, so information during clinical stability was also available. As shown in figure 1 , we excluded from the current analysis 138 patients (12.2%) that had a previous diagnosis of asthma in childhood or asthma-COPD overlap in adulthood, as well as nonsmokers (current smokers or per history). Of the remaining 992 patients, ECOPD was the cause of hospitalisation in 318 patients (32.1%) during the study period, whereas the remaining 674 COPD patients (67.9%) did not suffer from any severe ECOPD during the study period and were hospitalised for reasons not related to ECOPD, and served as controls. The patients included in the control group did not experience ECOPD during the follow-up period of 1 year. Patients in the ECOPD group were further stratified in two subgroups according to events that followed their index hospitalisation: those with no other severe ECOPD during the 12 months after discharge and those with one or more similar episodes. The data were analysed per patient and the first severe ECOPD was recorded as the index event. The next severe ECOPD for each patient were referred to as future events, regardless of the hospital that they were admitted to. Patients that were hospitalised for any reason other than ECOPD in the next year after the index event were not included in the frequent exacerbators group; they were in the group having only index ECOPD.
Measurements
The following data were collected for all participants in the study from the patients' charts: demographics, comorbidities, spirometry results and regular COPD therapy. In addition, circulating eosinophil levels, both as absolute values and percentages, were determined when clinically stable (defined as at least 3 months before the index ECOPD event in the ECOPD group and at least 3 months before admission among the controls) and at ECOPD (as defined by the first evaluation in the emergency room). Blood eosinophil levels before admission were available for the entire cohort as periodic follow-up blood tests performed routinely at ambulatory clinics.
Spirometry was performed using identical spirometers in the hospital during hospitalisation and in the ambulatory follow-up, with the same method of calculation [22] . Blood eosinophils were also examined in the same laboratory that serves the hospital and the community.
Statistical analysis
Results are described as mean with standard deviation, number, proportion or range as appropriate. We used the Chi-squared test, Fisher's exact test and the t-test to compare categorical and quantitative variables. The level of significance was set at p=0.05. All analyses were carried out using SPSS version 23 (IBM, Armonk, NY, USA). In our study, 318 patients with ECOPD were identified and 674 patients without ECOPD were sampled. Prior data indicate that the probability of patients with eosinophils ⩾2% among patients without ECOPD ranges from 0.5 to 0.7. Assuming that the rate of eosinophils ⩾2% in ECOPD patients is at least 10% higher, given α=0.05, we are able to reject the null hypothesis that the eosinophil ⩾2% rates are equal between the two study groups with probability ( power) >80%. Since in our study the rate of eosinophils ⩾2% among the controls is 71% and the rate among patients with ECOPD is 72%, the null hypothesis of equal rates was not rejected. Table 1 presents the main clinical characteristics of the population studied. Most of the 318 patients hospitalised for ECOPD during the study period (80%) were attended in the internal medicine or intensive care department, whereas 20% were treated in the emergency room for >24 h and then discharged home. The majority of these patients were males with a high number of pack-years smoked. Background treatment included ICSs with a long-acting β 2 -agonist (LABA) or with a long-acting antimuscarinic (LAMA), or triple therapy (ICS, LABA and LAMA) in 252 patients (79%), while 66 patients (21%) were treated with long-acting bronchodilators (LABA, LAMA or both) without ICSs. Among the 674 patients of the control group (i.e. COPD patients who were hospitalised for reasons other than ECOPD), there was male predominance and higher pack-years smoked; however, their average FEV1 was significantly higher ( p<0.0001) and the proportion of patients treated with ICSs, with or without long-acting bronchodilators, was lower ( p<0.0001) (table 1). When we stratified our patient population according to ICS treatment, the only significant difference that was found was that patients who were treated with ICSs had a lower FEV1 ( p<0.0001).
Results
Patient characteristics
In the control group, there were various reasons for admission. All were non-COPD-related or with clear correlation to eosinophils, and included cardiac (i.e. myocardial infraction, congestive heart failure and arrhythmias), infectious (i.e. urinary tract infection, cellulitis and pneumonia without ECOPD), vascular (i.e. deep vein thrombosis), haematological and neurological conditions. During ECOPD, all the patients were treated with systemic corticosteroids (intravenous or oral), antibiotics and short-acting bronchodilators. Data regarding arterial blood gases, ventilation support or radiological findings were not available for all the patients.
Circulating eosinophil counts at clinical stability and risk of severe ECOPD The level of circulating eosinophils when clinically stable was not different between the two groups of patients compared, neither as percentages nor absolute values (table 2) . Likewise, the proportion of COPD patients with ⩾2% or ⩾4% circulating eosinophils when clinically stable was also similar, whereas that of patients with ⩾300 cells·μL −1 was higher in controls ( p<0.001).
Circulating eosinophil counts during ECOPD and risk of recurrent severe ECOPD after discharge Out of the 318 patients who were hospitalised because of ECOPD, 121 (38%) were re-hospitalised one or more times because of an ECOPD in the year that followed the index event (mean±SD number of severe Table 3 shows the main characteristics of the ECOPD subgroups, with or without recurrent ECOPD. The patients in both groups had similar demographic characteristics. The proportion of patients with dominant chronic bronchitis was similar between the groups, while chest computed tomography showed a nonsignificant higher rate of bronchiectasis and significantly more predominance of emphysema in the group with frequent ECOPD. As shown in table 4, there were no significant differences between these two groups whether the eosinophil cut-off was 2%, 4% or 300 cells·μL −1 when clinically stable. When we looked at treatment with ICSs on top of long-acting bronchodilators, as opposed to treatment with dual bronchodilators during clinical stability, no significant protective effect of ICSs was found at any eosinophil cut-off value (table 5) . Similar results were obtained when patients were stratified within each group by different eosinophil cut-off values determined during the index ECOPD (tables 4 and 5). Finally, we observed (figure 2) a significant relationship between the severity of airflow limitation and the risk of incident severe ECOPD ( p<0.0001).
Discussion
This retrospective analysis of medical records of COPD patients hospitalised in our institution during the past decade shows that, in those with severe ECOPD: 1) circulating eosinophils ⩾2%, a cut-off value often suggested to predict future exacerbations [12] [13] [14] [15] , was common during clinical stability (>70%), and 2) association between circulating eosinophil levels when clinical stable, expressed as an absolute value or as a percentage, and future severe ECOPD was not demonstrated. The only parameter related with incident severe ECOPD was the severity of airflow limitation ( p<0.0001).
Previous studies
There has been considerable recent interest and debate about the role of blood eosinophil counts in COPD. Post hoc analyses have suggested that higher sputum and blood eosinophil counts appear to be associated with increased risk of future ECOPD as well as with corticosteroid responsiveness [12] [13] [14] [15] [16] [17] . These analyses used a cut-off level of 2% circulating eosinophils because this value has high sensitivity in predicting sputum eosinophilia, albeit it is entirely within the normal range of eosinophil levels [11] [12] [13] .
Furthermore, the percentage of blood eosinophils in the general population is variable and changes over time. For instance, in the ECLIPSE (Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints) study, 49% of the COPD patients had variable blood eosinophil levels above and below the 2% cut-off [10] . On the contrary, in the Copenhagen General Population Study, VEDEL-KROGH et al. [15] reported that blood eosinophil counts >340 cells·μL −1 were associated with a 1.76-fold increased risk of severe ECOPD, but a post hoc analysis of the WISDOM trial, which included patients with severe COPD on maintenance treatment with a LABA and a LAMA (not ICSs), suggested that the association between blood eosinophil counts and ECOPD rate is seen only when the baseline eosinophil count is ⩾4% or ⩾300 cells·μL −1 [16] . Likewise, a recent study demonstrated that blood eosinophil counts ⩾2% or ⩾200 cells·mL −1 at admission for severe ECOPD, when assessed in a corticosteroid-free timeframe, were associated with a >3-fold increase in 12-month readmission for COPD [23] .
Furthermore, a study of KERKHOF et al. [24] showed that overall, patients with clearly elevated blood eosinophil counts (i.e. ⩾450 cells·μL −1 ) at stable disease had a 13% higher exacerbation rate during the following year than patients in the reference group. Interestingly, ex-smokers with elevated blood eosinophil counts had the higher exacerbation rate, no interaction effect between sex or ICSs and eosinophil count on the exacerbation rate was found, and patients with elevated eosinophil counts who were currently smoking showed the lowest exacerbation rate [23] . However, ZYSMAN et al. [20] showed that specific characteristic of COPD patients, e.g. symptoms, lung function, exacerbation rate and prognosis, were not related to circulating eosinophil levels at cut-offs of 2%, 3% or 4%.
Interpretation of results
Several observations in our study deserve comment. First, we found that the prevalence of circulating eosinophils ⩾2% during clinical stability was >70% (table 2) . This is similar to that reported in the ECLIPSE study, where 86% of patients had persistent or intermittently circulating eosinophils ⩾2% [10] . Second, we did not find differences between ECOPD and controls with respect to circulating eosinophil levels, neither expressed as an absolute value nor as a percentage, determined during clinical stability or ECOPD (tables 3 and 4). These observations are compatible with the results of recent trials [18, 19] and cast doubt on the predictive value of eosinophil levels in "real-life" COPD [23] . Third, in our study, 79% of patients were on ICS therapy. However, ICS treatment was not associated with a reduced number of recurrent severe ECOPD in any eosinophil bin and was not superior to dual long-acting bronchodilators in preventing future exacerbations (table 5) . Interestingly, we observed that treatment with ICSs among controls was significantly lower than in those with recurrent ECOPD, probably in relation to their less severe airflow limitation. Finally, as reported previously [4, 25] , we found a significant relationship between the severity of airflow limitation and the rate of ECOPD, which was significantly higher in patients with severe and very severe airflow obstruction.
Potential limitations
Our study has several limitations that deserve comment. First, it is a retrospective analysis, so its results must be interpreted carefully. Second, the population studied may not reflect that of COPD at large because all participants were hospitalised (because of ECOPD or other reasons). Third, some patients started steroid treatment before referral to hospital, which may have reduced the number of patients with elevated eosinophil levels at exacerbation. Finally, we measured blood eosinophils at stable disease only once and we know that eosinophil levels change over time.
Conclusions
Our analysis shows that eosinophil levels (both when clinically stable or during hospitalisation) were not associated with increased risk of future severe ECOPD. Furthermore, treatment with ICSs did not show a significant association with risk reduction of severe ECOPD in patients with low or high circulating eosinophils. These results question the value of circulating eosinophils as a useful biomarker in COPD to predict exacerbation risk or treatment response.
